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PREFACE

This report evolved from the work within the SMART-Project for Sustainable Management
of Available Water Resources with Innovative Technologies in the Lower Jordan Valley
(Wolf and Hétzl, 2011) funded by the German Federal Ministry for Education and Research
(BMBF). Within this framework the herein presented work is founded on large parts on
research conducted in the course of the PhD-Thesis:

Riepl D (2013): Knowledge-Based Decision Support for Integrated Water Resources
Management with an application for Wadi Shueib, Jordan. PhD-Thesis, Karlsruher
Institut fiir Technologie

Against this background, it is as much an input to a multi-lateral and interdisciplinary IWRM
research initiative, as a general contribution to the domain of IWRM planning and decision
support.

EXECUTIVE SUMMARY

The international water sector community strives to improve communication and
understanding between actors in the IWRM domain, in order to ensure best-possible
responses to the upcoming water resources challenges. In this regard, the presented work
develops an approach to collaboratively manage planning and decision making knowledge on
the basis of semantic web technologies.

Within the presented work, a conceptual structure and requirements were developed and
formalized in an ontology prototype for IWRM planning and decision support knowledge
sharing. The concept was implemented as semantic wiki application and opened to the
research and stakeholder community of the SMART project. The platform demonstrates a
potential to provide solutions for various critical knowledge management requirements. For
example to help water sector experts to easily document and formalize their work in a
semantic structure, invite colleagues and stakeholders to review and comment, consistently
connect their work to previously undertaken studies, and share their insights and work
processes with a wider audience over the internet. It is expected that future IWRM initiatives
could benefit from comparable approaches, and valuable insights on the subject can be
achieved from the pilot study in this thesis.
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1 INTRODUCTION

1.1 Motivation and Objectives of IWRM Knowledge Management

The idea of Integrated Water Resources Management (IWRM) presumes a holistic approach
in water resources modelling and the definition of transparent planning scenarios. In this
regard, a comprehensive IWRM framework has to combine data and information from
various different domains and sources, and at the same time produce readily usable
information for decision making. In a productive and institutionalized environment, an
IWRM analysis of this manner involves a highly collaborative process between sector
experts, decision makers and local stakeholders.

In this respect, some discussion has already been progressing in recent years, about how to
span the gap between scientific environmental modelling and respective political decision
making (Acreman, 2005, Liu, et al., 2008). Most contributions on this topic agree on the
urgent need to improve communication and transparency between science and policy.
Regarding the multi-disciplinary nature of IWRM, it is also the information flow between the
participating experts that poses challenges (Riepl, 2013). Thus, the development of a
comprehensive and interdisciplinary water resources knowledge base is perceived as
fundamental to integrated water resources assessments and consequent planning and decision
making (GWP, 2000).

It is also recognised that contemporary knowledge management techniques can contribute to
improving the performance and effectiveness of both capacity development (Luijendijk and
Lincklaen Arriéns, 2007) and knowledge sharing (Giupponi and Sgobbi, 2008) in the water
sector, provided that there is a basic capacity in place to coordinate this approach. To handle
this necessity, most IWRM projects carried out during the last years already had knowledge
sharing initiatives on their agenda. The requirement for such a knowledge framework is
tackled in current IWRM approaches in several manners:

(1) Applied projects and case studies share multi-thematic databases to enable data
access, transfer and comparability between interdisciplinary modelling environments.

(2) Joint projects implement internet platforms for building and distributing thematic
bibliographies as information portals on IWRM related topics,

(3) or focus on supporting Capacity Building Networks in the IWRM environment.

On the other hand, and although growing in other disciplines, the direct support of
collaborative knowledge-building and sharing processes has been less prominent in water
research. Several organizations have recently started such initiatives of which probably the
most visible example is the UNDP-initiated WaterWiki (WaterWiki, 2012). But especially in
the planning practice respective approaches are still lacking satisfactory consideration in state
of the art approaches on IWRM-Decision-Support-Systems. Yet, the potential for a
continuous online collaboration process appears evident as:
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(1) the IWRM planning process is meant to be highly collaborative per se,

(2) the community of experts often is spatially and disciplinary distributed and

(3) planning and decision-making has often to be immediately and cannot stall until an
eventual knowledge transfer process has taken place at some point in the future.

Following these insights, the SMART research initiative has embarked on the realization of a
knowledge management system for collaborative documentation and sharing of planning and
decision making relevant knowledge for integrated water resources management in the Lower
Jordan Valley. Within this scope, the possibilities of contemporary semantic web techniques
were investigated and applied to implement a functional online platform that can be used for
collaborative knowledge management by the participants and stakeholders of the SMART
project, and which has a potential to be integrated into future IWRM initiatives. As such, the
presented platform represents a part of the full decision support framework of SMART
(Fig. 1). The latter including other components, as for example a central database, various
expert models as well as dedicated modules for Multi-Criteria Decision Analysis and
Optimization (Wolf and Hotzl, 2011).

This report delineates the conceptual design of the generic IWRM knowledge management
model, as well as their subsequent implementation in the DROPEDIA platform on the basis of
the Semantic Mediawiki-technology (Kr&tzsch, et al., 2006).

*Process-based models (e.é‘.\
WEAP, MODFLOW, JAMS,
TRAIN-ZIN)

e0Operational models (e.g.
Gabardine, DWWTP-0&M)
eDetailed studies (e.g. MAR,
water quality, desalination,

('« Relational DB (Oracle) ]
¢ Online Query &
Retrieval Interface
(DAISY)

* Web-GIS (ESRI ArcSDE)

- Database IEI);pdeeTS socio-economicimpacts)
*IWRM Scenarios
S
Decision Knowledge
s Model Management N

* Web-based GUI (Semantic
MediaWiki)

+ Semantic Knowledge Base
(MySQL, RDF-Triple Store)

* Multi-Criteria-Analysis
(AHP, ELECTREIII)

s Multi-Criteria
Optimization (MCO)

" J

Fig. 1: Components of the SMART-Decision Support framework for Integrated Water Resources
Management in the Lower Jordan Valley. Elements marked in red are discussed in this report
(modified after Riepl (2013)).

/
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1.2 Perception of Knowledge Management in the Jordan Valley
Water Sector

Any knowledge management initiative stands and falls with the willingness to contribute of
its addressed users. In order to assess the basic perception on the subject among water
professionals associated to the study region, a set of questions was given to the attendees of a
large SMART coordination meeting in 2011 (Wolf, et al., submitted). A total of 53
participants (38 % from Jordan, Palestine and Israel, 62 % from Germany), including
scientists from the project consortium and associated stakeholders, filled out the anonymous
questionnaire. Fig. 2a-d displays the outcomes specifically addressing knowledge
management issues.

On a general level, a strong majority agrees that more publicly available information would
increase the public acceptance of water policy, both on transboundary and local level (Fig.
2a). Transparency appears to be perceived as important facilitator in a political decision
making that follows the national guidelines. However, in terms of current stakeholder
participation processes, opinions are far more ambiguous. Especially on the local level, the
majority is rather undecided whether stakeholder participation is sufficiently supported.

The participating experts generally responded positively (72 %) on the proposal of using a
wiki based platform for support IWRM in the context of their work and on the time they were
willing to invest into such an initiative (Fig. 2b). Again, transparency and public information
appear as strongest incentives for contribution, followed by information retrieval and
dissemination on a professional level (Fig. 2c).

Taken together, these opinions point towards a strong feeling for the need of improved
communication and information between decision makers, water sector experts and the wider
public, but at the same time water professionals are cautious about facilitating direct
participation in decision processes (a possible flaw in the questions might be related to the
unclear definition of ‘stakeholder”). Thus, following this opinion poll would recommend a
semi-open information and participation system.
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Fig. 2: Results from an expert opinion poll about transparency, participation and knowledge
management in the Lower Jordan River Valley (Riepl, 2013).
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1.3 Managing IWRM Knowledge

The term ‘knowledge management’ has become a popular buzzword throughout various
disciplines, including the domains of water research and management. Yet, it often lacks
unambiguous definition and formal distinction from matters of data and information
management. Put in the broadest context, the subject of knowledge management can be
summarized with the following characterization (Riepl, 2013):

Knowledge Management comprises the strategies and techniques that an organisation (or
individual/enterprise/community) deliberately employs to create, gather, retain, organize,
analyse, improve and share its knowledge in order to achieve its strategic objectives.

Given this definition it is important to note that Knowledge Management, while usually
facilitated by technology, is not necessarily technology-bound. This highlights one major
difference to the closely related field of Information Systems. And with the implicit diversity
of the knowledge concept comes the impossibility of a single generic knowledge
management strategy which could be facilitated by the use of one specific instrument. In this
sense, it must be adapted to the given objectives, the given environment and the people that
eventually are both: the providing and receiving end of the knowledge.

In IWRM the combination of physical system modelling with social, ecological and
economic factors requires the integration of data and information from several different
domains. The impacts of the planning scenarios have to be assessed from various
perspectives and represented by an interdisciplinary set of indicators. Hereto, IWRM planners
have to build on the pool of previous works, as well as on the cooperation with sector experts
and stakeholders from various interest groups. Transferred to a productive and
institutionalized environment, an IWRM analysis of this manner involves a highly
collaborative process between such distributed knowledge sources.

Thus, it was found that, within the domain of IWRM planning and decision making,
‘knowledge in need of managing’ essentially relates to the necessary comprehensive system
understanding and the assumptions that are used to drive planning and decision making
within such systems. And knowledge management for IWRM decision support therefore
appears foremost as a means of facilitating the transportation and retrieval of system
understanding between participants in the planning and decision process.

For this purpose the SMART Decision Support framework focused on an enabling
technology with strong collaborative functionalities: semantic wiki. Semantic wikis are very
much what the name suggests, a combination of semantic web and wiki technology which
will be briefly described in the next section.
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1.4 Wikis and Semantic Wikis

Wikis (derived from the Hawaiian word for “quick™), and especially semantic wikis, can be
considered as knowledge management instruments of the younger generation. Regarding
their basic purpose as online collaboration tools wikis are often associated to the web 2.0 (the
web of user generated content) development. Wikis enable online interaction and
collaboration in the form of web pages which can be edited and structured with a simple
mark-up language by anyone who has appropriate access and an internet browser.

Probably the most fundamental wiki feature is the free and welcome access of any interested
user to edit wiki content. The latter is basically represented as wiki-articles (hypertext-pages
dedicated to the description of a subject), but can also involve most media formats
(documents, images, videos, etc.). Editing includes creating, changing, deleting and linking
wiki articles in order to collaboratively evolve a knowledge network. The technological
barrier is relatively low as users don’t need any additional client software but their web
browser, the edit mode is directly accessed from an article page and the wiki-markup
language (“wikitext”) is fairly easy to learn. From there on, functionality between different
wiki-engines vary greatly, as the term is applied to a diverse set of systems. The popular
MediaWiki (MW, 2012) for example, which is also the wiki-engine used on the Wikipedia,
records the complete content history, and any earlier version can be revoked which is as
much a security as a documentation feature. Navigation is kept uniform and simple and is
supported by additional functions like search, recent changes or the possibility for the user to
select specific pages for monitoring. Any article can be assigned to one or more categories,
which is used as a simple structuring mechanism. Furthermore, the use of formatting
templates is supported which can help to create and maintain an internal (informal) structure
of the content.

In knowledge management research wikis are widely perceived as potent knowledge
management instruments (e.g. O'Leary, 2008, Wagner, 2006). And also in the IWRM
domain, some organizations have recently started initiatives of which probably the most
visible examples are the UNDP-initiated WaterWiki (WaterWiki, 2012) and the
IWAWaterwiki (IWAWaterWiki, 2012).

Most perceived limitations of conventional wikis are rooted in a lack of formalized structure.
From a (knowledge-) structural viewpoint a wiki-page is a subjective and informal collection
of information elements residing implicitly in the linguistic content. A computational
treatment of knowledge, however, requires formalization at least on a conceptual level which
includes a representation of relationships between expressed terms Guarino (1995).

Also the hyperlinks between ordinary wiki-pages do not add any semantic information
because every link has the same meaning. For example, a link that refers from the wiki-article
on the city of As-Salt to the article on Jordan has the exact same explicit meaning as the link
pointing back to the wiki welcome page (Fig. 3a). It is thus not possible for a machine to
recognize the meaning of that link as “located in” and to answer a question for all cities
located in Jordan. Answering such queries typically is done by using manually crafted and
updated lists.
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Fig. 3: Difference between a) ordinary links in non-semantic wikis and b) typed links
as structural elements in semantic wikis (here using the Semantic MediaWiki markup
(SMW, 2012).

Consideration of these limitations has led to semantic wiki development initiatives. Semantic
wikis basically expand the wiki-technology with the possibility to create a formal semantic
knowledge representation of the wiki content by annotating the content on the wiki-pages
with a special markup. An overview of general architectural features can be found in Oren, et
al. (2006). The level of formalization of page-content that is realized with such annotations
varies between the different wiki-engines as well as with the purpose of the wiki. The typical
approach is to represent one ontological concept (e.g. a city, a spring, etc.) as one wiki-
article. Formalized statements about the concept are made by annotating article content as
“typed links”, which include information about the character of the relation. Using the
example from above, the hypertext link between the As-Salt and the Jordan articles would be
annotated as in Fig. 3b, thus formally stating that As-Salt has an attribute (located in) which
can be given a value (Jordan). Hereby, most semantic wikis internally represent the graph of
typed pages and links in RDF/OWL (or some subset) (Buffa, et al., 2008). This allows
differentiating between typed links in regard to the datatype of their object into object
properties (object of the typed link is a wiki-page or some external document) and datatype
properties (object is a data value). Eventually, the sum of statements within the wiki-content
creates a machine interpretable ontology (“wiki-ontology’). Using this “wiki ontology”
enables a series of supportive features for contributors, such as help to find the right place for
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their contribution and suggest structural elements (e.g. links to existing content) during
contribution. By allowing “inline queries” on the formalized structure it supports better and
direct search, various representation possibilities (e.g. automatic generated and updated lists,
tables, maps, etc.) and extraction of content. Another advantage of querying is that an
information element (e.g. the number of inhabitants) can be kept on one wiki page (e.g. the
article of As-Salt) but displayed on other pages (e.g. in a list of Jordanian cities) without
copying the number, which helps to keep information consistent.

1.5 Knowledge Representation with Semantic MediaWiki

Different semantic wiki software products have been under development (Buffa et al., 2008).
For this study the “Semantic MediaWiki” (SMW) project (Krétzsch et al., 2006) was chosen,
primarily because it is one of the semantic wiki engines that has grown and stabilized during
the last years. SMW originated from the AIFB Institute at the University of Karlsruhe as an
open source extension to the well-known MediaWiki software and has attracted a large
developer and user community today.

SMW extends the MediaWiki syntax with expressions for semantic annotations within the
wikitext. Annotations are formalized through a mapping to Ontology Web Language (OWL)
entities. Wiki articles match OWL individuals and the annotations always take their page of
occurrence as subject individual to make OWL DL ABox (assertional box) statements similar
to RDF triples, thus allowing to

(1) assert a relation (OWL:object-property) to another wiki-page (OWL: individual)

(2) assert a property (OWL: data-property) and literal of the current page (OWL:
individual)

(3) assert a category (OWL: class) to the the current page (OWL: individual)

The following briefly and not comprehensively describes some fundamental structural
elements that are used in subsequent sections. Detailed syntax documentation can be found in
the user manuals on the MediaWiki (MW, 2012) and Semantic MediaWiki (SMW, 2012)
sites and in architectural detail in Kr&tzsch et al. (2006) and Bao, et al. (2008).

Pages are the key structural entities in wikis and also in SMW, as they contain all
annotations. Pages are identified by their page-title and are created by calling their URL in or
through linking to them from an existing wiki page (e.g. [[New Article Name]]).
Basically, it can be differentiated between article pages and non-article pages. Article pages
correspond to OWL individuals. It is therefore recommended to see articles as distinct
knowledge entities, i.e. a certain spring or a city, that only contain information about
themselves, either as implicit context knowledge in text form or as explicit metadata in form
of relations and data-properties. Non-article page-types include:
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(1) category-, property- and data-type-pages: automatically created on demand and meant
to be edited for ontology formalization.

(2) template- and form-pages: created manually as assistant elements.

(3) special-pages: system-created to perform specific functions and usually not meant to
be edited.

Properties are automatically created by property-annotations on wiki-pages. For example the
article-page of As-Salt containing [[1s located in::Wadi Shueib]] automatically
creates the Property:Is_located in with the default data-type range:page and instantiates an
individual thereof on the As-Salt page with value:Wadi Shueib. Changing the default data-
type (page) to another type, e.g. a number, can be done on the non-article page of the
property by annotating it with [[has type::number]]. Thereby, SMW allows
definition of OWL:object properties (page-types) and OWL:data properties (other types).

Categories are automatically created by a category-annotation on a page to add an OWL-
SubClassOf-relation to a page. Annotating for example the As-Salt page with
[[Category: :Municipality]], classifies the article-individual as a municipality.
Adding the category annotation to a category page creates a hierarchical relation. SMW does
not restrict the amount of categories a page belongs to, but understanding categories as
OWL:Classes recommends to use a single (or few) category-classification.

Semantic Internal Objects (SIO) are an extension to the SMW core that provides an
additional parser functions to define objects and associated properties from within a wiki
page. Internal Objects are annotated on a page by:

{{#set_internal:object_to_page_property|propertyl=valuel.}}

and handled as page-like objects (pages without an article representation), thus, allowing their
properties to be queried separately. SIOs can be used to represent n-ary relations in a wiki
environment, without the need to create new pages for every multidimensional information
element.

Inline queries are inserted into a page and allow querying annotations in the wiki ontology.
The query syntax is SMW-specific and uses the pattern:

{{#ask: [[condition 1]] [[---11 [[condition n]]
| ?printout parameter 1]?...|?printout parameter n
| format parameter 1]...] format parameter n}}

The condition argument are used for selection and can include category selectors, property
selectors, comparators (for property selections), OR disjunctions and property chains. While
the condition arguments return a list of pages, the printout parameters state which page
properties are to be fetched and displayed in the query results. Format parameters define the
display format results (e.g. as list, table, map, etc.).
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Templates are pages of the template-namespace that are embedded into other pages, when
called by

{{name_of_the_template_page]optional_parameter_1]...|n.
While the template page contains wiki-text, as well as
placeholders for the parameters as optional_parameter_1}}.

Thereby, templates generally enable structuring, formatting and reusing of wiki content and
are already very popular in non-semantic MediaWiki applications (e.g. Wikipedia). In the
SMW community, the use of templates is also perceived as very advantageous, as they
provide an interface between wiki editors and the wiki ontology. In this respect, using
template parameters to handle semantic annotations basically saves users from the necessity
to search the ontology structure for the correct properties before contributing formal content.

Semantic Forms are an extension to SMW that allows using form-based input masks for
wiki editing and querying. Forms are constructed as pages in the Form-namespace where the
input fields and their behaviour are defined and mapped to one or multiple templates. The
definition of input field behaviour reflects certain aspects of the rdfs:domain and rdfs:range
properties in OWL which can be used to support as well as control user input. Actual
semantic annotations are still defined within the templates, thus, making the semantic forms
another interface layer on top of templates.
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2 SMART KNOWLEDGE MANAGEMENT

2.1 General Design

As stated in the previous sections, a knowledge management strategy must be adapted to the
given environment and the people that eventually are both: the providing and receiving end of
the knowledge. Following the experience from the Wadi Shueib IWRM modelling exercise
(Riepl, 2013), as well as discussions in the community of the SMART project, it was
established that this predominantly relates to sector experts and decision makers. Thus, the
knowledge management process basically is the channelling of expert knowledge and
decision maker objectives towards the IWRM planning process. Expert knowledge hereby
comprises the manifold pieces of information that researchers and practitioners gather, create
and employ in their working routine in order to acquire the desired system understanding.
These might span from individual calculation or estimation procedures applied to obtain
model parameters, over a full model application and up to complete scientific studies. While
the latter would at least be likely to progress into the classical channels of publication and
reporting, especially the smaller information entities, however valuable, are often never fully
disclosed to a wider audience. On the other hand they might well be interesting for other
researchers or practitioners working in nearby or comparable areas to be informed about such
work, as much as any idea could benefit from being discussed by an interested audience.
Acknowledgement of these requirements led to the broad design decision as illustrated in
(Fig. 4) and the definition of the fundamental roles and concepts for the envisaged IWRM
knowledge management system:

Fundamental roles:

- Domain Expert: Someone who performs analyses on a specialized subject by
gathering, combining and inferring information using various sources (literature,
models, studies, or his judgment). Creates knowledge in the work process (knowledge
creator).

- IWRM Analyst: Someone who uses a set of defined goals (policy) and the pool of
available knowledge about options and constraints (feasibility, cost-benefit) to perform
an IWRM planning and decision process. Also includes the role of Decision Maker.

- Knowledge Engineer (also Administrator) (not depicted in Fehler! Verweisquelle
konnte nicht gefunden werden.): Someone who maintains the knowledge
management system both in technological as well as in structural sense. Evolves and
adapts the knowledge management process to the

Fundamental concepts:
- Expert Analysis: The expressible product of the analysis process of an expert (e.g. the

calculation or estimation of a single value, a literature study, a complex model

SMART Page | 15



application or a full scientific study). Related to a distinct entity with significance in
the IWRM Process.

- IWRM Object: Something that has significance for IWRM, has information about
itself and stated relationships to other entities. Can be a tangible entity such as a study
area, a spring, a city, a waste water treatment facility, or an intangible entity such as an
indicator, a scenario, a literature reference). Can also have a representation in the
database.

- IWRM Process: IWRM planning and decision process applied to a defined area.
Builds on the available information about the associated entities and the given decision
constraints and objectives.

Expert Domain IWRM Domain

3 e | o
: mforms % Cost-

Domain Expert <— Nforms —>  patapase
1 IWRM

per{]‘:rm Analyst
Expert Analysis informs perflorm
— lIssue l
—  Method |
~  Result relevant to .
—  Conclusion ~— IWRM Planning and
Decision Process
relates to
| — |IWRM Status, Goals & Issues
— Instruments
IWRM Object — partof — Planning Alternatives
—  Context Information — Scenarios
— Relations — Indicators
— Literals — Decision Process
— Outcome

IWRM Knowledge Structure [

Fig. 4: Fundamental concepts and user roles in the IWRM knowledge process.

Thus, the general approach of the SMART knowledge management system is to offer an
instrument that allows domain experts to formulate their analyses and structure them by
linking to respective interrelated entities (IWRM-Objects) which represent the TWRM
system. Members of the IWRM domain (IWRM-Analyst) on the other hand are enabled to
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identify and select from the available information to formally document their Decision and
Planning processes (IWRM-Processes). Formally linking between a database and the entities
in the knowledge base (mostly with the IWRM-Objects) establishes an integration of the
knowledge management instrument into an overarching information system. The ultimate
goal is to evolve a well-structured IWRM knowledge base that provides rich application-level
information from experts for experts, IWRM-analysts and decision makers and integrates
smoothly into a holistic planning and decision practice.

In order to compose an a-priori knowledge representation structure that suits these
fundamental concepts, as well as the exemplary use cases identified from the Wadi Shueib
IWRM study, a semi-formal class structure of IWRM-Entities was developed (Riepl, 2013).
The choice of represented concepts was initiated from a set of typical water system model
nodes as well as from the planning process model used in the IWRM concept. The focal point
was chosen to be the ‘catchment’ concept, with all spatial relations pointing towards (or
from) it. In several iterative modelling steps the initial concept list was refined and organized
in hierarchical (is_a) and non-hierarchical relations (e.g. located in) until an applicably
generic representation of the IWRM modelling and planning domain, as illustrated in Fig. 5,
was found.
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Fig. 5: Class-structure of the semi-formal IWRM-ontology.
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2.2 Use Cases

UC-1: Create IWRM-Entity

Scenario: Create the Wadi Shueib catchment or another IWRM-Object, e.g. the Hazzir
Spring, in the knowledge base.

Task: Create an IWNRM-Entity and add formal relations that describe metadata of the IWRM-
Entity, e.g. Hazzir Spring is located in Wadi Shueib, its coordinates, the aquifer it taps, etc.

UC-2: Document Expert Analysis
Scenario: Expert has collected precipitation data and performed a spatial interpolation to

estimate areal precipitation for the Wadi Shueib catchment.
Task: Create an analysis entity and add formal relations that describe analysis and results and
embed the analysis individual into the IWRM-Entity knowledge structure.

UC-3: Document IWRM-Process
Scenario: IWRM-Analyst starts an IWRM planning study for the Wadi Shueib catchment,

which should be documented and shared for collaboration
Task: Create an INRM-Process entity and add formal relations metadata. Add entities for the
steps of the planning process and link them to analyses used in the IWRM-study.

UC-4: Contribute to Existing IWRM-Entities
Scenario: User wants to comment on the areal rainfall-interpolation analysis for the Wadi

Shueib catchment to state his opinion and add a literature reference.
Task: Edit an existing IWNRM-Object/Analysis/Process by adding or changing formal
relations and informal content. Original author and other users are informed.

UC-5: Reuse Knowledge
Scenario: User creates an analysis on groundwater recharge of the Wadi Shueib that uses the

areal rainfall analysis.
Task: Add a generic relation to an analysis to refer to another entity, which then also
automatically displays the relation.

UC-6: Retrieve Analyses for a Study Area and Subject
Scenario: User wants to retrieve a list of all available analyses on water resources in the

Wadi Shueib catchment.
Task: Create a query that asks for analyses with a location relation pointing to a specific
IWRM-Object and a subject relation pointing to a specific theme.

UC-7: Link IWRM-Entity to Representation in Database
Scenario: User wants to inform about the available measurement time series of the Hazzir

Spring that are stored in the database.

Task: Define an identifier to link from an knowledge base entity to a database object. The
knowledge base sends a query to receive information on data-availability and displays the
metadata on the respective database object.
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2.3 Requirements

Defining the eventual structural, usability and functional requirements for the TWRM
knowledge management platform has been an iterative process during the work on the
project. Thus, the requirements listed in Table 1 evolve as much from theoretical
considerations as from the experienced practicable feasibility within the scope of the

objectives.

Table 1: Identified requirements for a collaborative knowledge management platform for IWRM

planning and decision support.

Requirements

Knowledge Representation Requirements

IWRM-Entities, Analyses and IWRM-Processes are fully represented.

Multiple representations of knowledge for specific entity and topic are possible.
Formalized relations between all entities are possible.

Representation of n-ary relations.

Formalized relations between entities are represented on both sides (inverse relations).
Support the creation of an analysis-specific formalization vocabulary.

Usability Requirements

Technological barrier for contributors is low.

Users do not need to care about ontology engineering.

Support user in finding the appropriate location in the knowledge base to contribute.
Possibility of generic contribution, if no appropriate location is found.

Possibility to describe entities in a form that is familiar to users, i.e. like writing a short report.
Incomplete formalization of entities is accepted but completion encouraged.
Contributions and edits are immediately represented and communicated.

Spatial information is visualized.

Authorship and contribution is represented.

Functional Requirements

Possibility to add files and external links to all entities.

Support use of relations that are coherent with the ontology.

Edit rights control on IWRM-Entities on contributor side.

Protection mechanism against erroneous edits and/or vandalism.

Interface supports semantic search, facetted browsing and visual information retrieval.
Knowledge Base informs available data from remote data repositories

Knowledge Base is able to interact with external applications
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2.4 Implementation

With the DROPEDIA platform, a prototype of a collaborative knowledge management platform
for IWRM planning and decision support has been implemented within the scope of the
SMART project. After an initial closed development phase, the platform was opened with
online access to the SMART project partners (full access) and the public (read only) under
http://129.13.109.100/~dropedia/ (Fig. 6). The following sections provide an overview of
essential architecture elements that were implemented to meet the identified requirements.

Based on the classical web-based wiki-concept, the Dropedia-platform is hosted as a client-
server-model. At the time of publication of this thesis, the webserver was running on a self-
hosted AMD Athlon 64 3000+ (1.8 GHz) machine. Furthermore, Dropedia is completely
based on Open Source Software distributed under the GNU General Public License in
versions 2.0, 3.0 or under compatible licenses approved by the Open Source Initiative (OSI).
The wiki itself is running on a MediaWiki installation with a number of extensions that are
mostly related to the Semantic MediaWiki project. A detailed list of the employed software
packages is found in Annex 1.
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page | discussion edt || hstory || delete || move || protect watch | | retresh

Dicessik Integrated Water Resources Management in the Lower Jordan Rift Valley
\,_/' Weicome to Dropedia, the platform about Water Resources Management in the Lower Jordan Rift Valley.

"IWRM is a participatory planning and implementation process, based on sound science, which brings together stakeholders to determine how to meet society’s longterm needs for water and coastal
search resources while maintaining essential ecological services and economic benefits.” (USAID: Jink &)
Go | Seaich

general knowledge

= Knowledge browser

. L

i SMART - Innovative technologies and
Water System Knowledge Browser IWRM Process

toolbax concepts
= What inks here
» Related changes
Explore the knowledge base by visiting Find interesting use cases of applied Get informed about the activities of the
catchments. water resources. demand sites IWRM studies in the Lower Jordan SMART project for sustainable management
and many other aspects of the water system Valley. both on regional and local of available resources with innovative
in the Lower Jordan Valley. scales. technologies

Need help?

= Help site
« Dropedia mailing list - dropedia @lists.kit.edu - (subscribed )
Some statistics

« Popular pages
« General statistics

Fig. 6: DROPEDIA welcome screen.

2.4.1 DrRoOPEDIA-Ontology

As a first step, all a-priori identified IWRM-Entity classes were represented as categories.
Categories themselves can be annotated as members of a category, thus, allowing a
rdfs:subClassOf hierarchy that can be used for structuring and querying.
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Abundant categorization can, however, also reduce clarity. Therefore, the category hierarchy
is kept shallow in the DROPEDIA-Ontology, constituting a maximum of three levels with the
top-classes: IWRM-Object, IWRM-Process and Analysis.

For every IWRM-Entity a set of properties was identified that provide a basic formal
description of the subject. Formal description of a complex concept, such as a city or a
spring, can quickly lead to a high amount of perceivably necessary predicates, especially
when considering available knowledge about specific individuals. The latter typically results
in the formulation of relations that an entity can have, for example that a spring can have a
protection zone, but at the same time distracts from the fundamental attributes that all
individuals of the class share. In order to control the amount of necessary properties, the
descriptive predicates were iteratively condensed to find least common denominators of
property definitions. Eventual properties include a set of descriptions that can be reused for
different concepts (e.g. spatial descriptions like is_located_in, has_coordinates, has_area, or
general descriptions like has_reference, has_file). Category-specific properties are only
added for very common and stable attributes, (e.g. has_aquifer_tapped for springs and wells).

Property definition includes the various built in types, as well as a set of customized data-
types, (e.g. area, flow, water type) that allow additional control on input (swivt:allowedValue)
and representation (Swivt:mainUnit and swivt:conversionFactor).

Since the SMW-model, as OWL/RDF in general, does not support propagation of properties
from categories to individuals, the assertion of the metadata properties was realized by
assigning templates to each category which handle annotations when an instance of a
category is created.

SMW also lacks native support of property ranges (rdfs:range) which can significantly help
users in ontology-coherent knowledge formulation. As an informal workaround, property
ranges were implemented via input data types in Semantic Forms input field definitions (with
“values from= x“, where x is a specific category, property or namespace).

The combination of several requirements posed a challenge on the DROPEDIA-Ontology:

(1) Users must be able to represent multiple views on one property. Therefore, and
because information cannot practically be atomized to unambiguous one-
dimensionality in a wiki environment, users must be able to represent n-ary relations
in DROPEDIA.

(2) An a-priori knowledge model cannot provide formalisms for all probable
representation requirements. Therefore, users should be able to extend the basic
vocabulary with own terms.

(3) Users should not have to bother with ontology issues and are thus strongly supported
by predefined form inputs.
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Separating knowledge representation into IWRM-Object entities and related Analysis entities
basically solves the first of above issues. In doing so, an IWRM-Object (e.g. a municipality)
can relate to any number of views (e.g. have several related population analyses).

The creation of a generic formalization mechanism with the use of the Semantic Internal
Objects (SIO) extension tackles the second and third issue. Each Analysis individual can
contain an unlimited number of SIOs which represent user-defined n-ary properties.

2.4.2 User Interface and Interaction Architecture

DROPEDIA is primarily intended to interact with human agents. In order to facilitate ontology-
coherent contribution without the hindrance of first searching and understanding the
DROPEDIA-Ontology, the platform was set up to make strong use of templates and semantic
forms for user input and content presentation. Fig. 7 illustrates the setup of the interface
architecture from a user perspective.
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Fig. 7: User interface architecture of DROPEDIA. All users can browse pages. Domain Experts and
IWRM Analysts can use forms to edit the information on the pages. The Knowledge Engineer
ensures semantics and functionality by providing the forms and templates.

SMART Page | 22



All IWRM-Entity categories have assigned specific input forms that can be used to add and
edit articles. Forms always consist of input fields for the metadata properties of the respective
category, as well as a free-text input possibility. For most fields input is voluntary, so as to
enable contribution even when not all facts are known. Saving an edited form inserts a
template call into the wiki text of the article page with the input as template parameters. The
transcluded templates fully handle page layout, semantic annotations as well as ask- and
SPARQL-queries. Besides the encouraged use of forms and templates, directly editing a
pages wiki-text is also kept as possibility, in case the controlled environment is not sufficient.

As illustrated in Fig. 8, the complexity of nested and multiple template-calls and the layout
structuring integrated therein, requires maintenance as dedicated task for the Knowledge
Engineer role. In order to control the required maintenance, forms and templates employ a
uniform structure and are generally designed for reuse between categories. Still, at the time of
publication, a total of about 50 forms and almost 100 templates of various sizes are in active
use on DROPEDIA.

N creates =
[ Form: Create Spring ]—) Spring Page Reference Page

<includes> <includes>

. X dit .
[Form: Spring ]L—%Template: Spring ]

[Form: Attach File Jﬂ—)[Template: Attach File ] T Creates/edits

[Furm: General Description ]ﬂ_{hmplat&: General Description }— links to —>{Form: Reference ]
)
J
)
J
1
J
1
J
\
J
\
J

[Template: Reference ]

<fincludes>

[ Form: Water Discharge Jﬂ—)[ Template: Water Discharge

> [Form: Water Quality ]&—ﬁ[ Template: Water Quality
[Form: Water Production ]ﬂ—{ﬂemp}ate: Water Production
[Form: Resource Protection ]&—)[Template: Resource Protection
[Form: Economy ]ﬂ—{ﬁamp#ate: Economy

X di X
[Form: Other Information ]eilts—{Temp}ate; Other Information

</includes>

links to 4’

queries
Form: Analysis Creates/fedits —>! Analysis Page

<includes>

[Ternplate: Analysis

Legend: ]
[Template: Attach File ] €
)
]

[ Specific Form/Template ]

[Te mplate: Set Value

[Universal Form ]

Te late: t
[ emplate: Commen links to

[ Universal Template ] </includes>

Fig. 8: Subset of the form and template structure of DROPEDIA. Specific forms and templates are
available for every IWRM-Object category. Universals are reused across categories. Forms and
templates for the IWRM-Process category are not depicted.
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2.4.3 Connection to the SMART Project Database

As a wiki-based knowledge management platform, DROPEDIA does not compete with
relational database management and is neither intended, nor fit, for the efficient handling of
large alphanumerical or spatial datasets. On the other hand, it is very useful to let the
knowledge base inform users about the availability of data on a specific IWRM-Object in
remote data repositories. In this sense the wiki platform can act as an integrative frontend that
lets users combine information

For this purpose, a query module that allows representation of SMART Database content in
DROPEDIA pages was developed. Implementation of this module was primarily done within
SMART work package 2 and is documented in more depth in Deliverable D203 (Kaempgen,
et al., in preparation). The general architecture is illustrated in Fig. 9. The implemented query
module receives the data by HTTP request from a Linked Data Wrapper that wraps daily
generated database views from the HYDROSMART XML/HTTP interface. The wrapped
data is filled into an online triple store (Qcrumb.com), thus allowing semantic queries from
DROPEDIA to be issued with a SPARK query syntax.

User

St

Visualisation of SPARQL
query results in
Dropedia (SPARK extension)

| A}
~Z 10

Dropedia

Web-based SPARQL store
on demand filled with
triples (Qcrumb.com)

/ Linked Data Wrapper of HYDROSMART (SMARTDBWRAP) /
A

[
XML/HTTP interface to SMART DB (HYDROSMART)
N\

SMART DB

Fig. 9: Architecture of DROPEDIA/SMART-DB connection (Kaempgen, Riepl, Vrandecic and
Hermann, in preparation)..

SMART Page | 24



2.4.4 Use Case Workflows

This section briefly illustrates how the previously defined use cases (UC) were realized as
workflows in DROPEDIA. For this section, the description follows the illustration in Fig. 10,
although, there are several other possible paths to navigate and interact with the platform to
achieve the tasks defined in the use cases.

Users may start on the welcome page or via the permanent left-side navigation and search
panel (1) to open to the DROPEDIA Knowledge Browser page (2) which offers an overview of
the knowledge base content. Since the overview is automatically created with inline queries
at every page load, it always presents an up to date view on the content. The query results are
organized as IWRM-Objects in sections that correspond to the DROPEDIA -Ontology
categories and are displayed in table as well as in map format.

To add a new IWRM-Entity to the knowledge base (UC-1), every section offers an “Add
[IWRM-Object]”-link (3) that opens the respective input form (4) with fields for the
categories metadata-properties. Various helpful features of the Semantic Forms extension are
realized, including: auto-completion of input according to the defined property ranges, file
uploads, map-navigation for geographic locations as well as geocoding of addresses. Saving
the form (5) creates the article page for the IWRM-Object (6), displaying the defined
metadata properties, attached files and a series of sections that represent primary topics of the
subject (e.g. a spring page shows sections for water discharge, water quality, e.g.).

Every section can be edited by any (logged in) user by following the displayed “Add/Edit
[Section]” links that lead to a corresponding form input (7). Generally, every INRM-Object,
Analysis or IWRM-Process page offer respective links, thus allowing successive updating
and commenting of the knowledge base content (UC-4).

Article pages also present a graph-view (8) on available data in the SMART Database,
created by an embedded SPARQL query at every page load (UC-7).

To create an analysis and add it to the IWRM-Object of the current article, users can follow
the “Add [Section] Analysis”-link (9) to open the Analysis-form (10) that provides input
fields for Analysis metadata properties, file uploads and free text, as well as multiple instance
form fields to add an unlimited number of user-defined properties that are stored as SIOs
(UC-2). Furthermore, the related_to property can hold a list of IWRM-Object- or Analysis
pages to create relations and reuse information between knowledge elements in DROPEDIA
(UC-5). Saving the Analysis form creates an Analysis-page that displays the input and
queries the stored SIOs. The latter are also displayed in a query on the article page of the
related IWRM-Object (11). The workflow of documenting an IWRM-process (UC-3) is not
illustrated here, but it basically follows the same scheme as the creation of an IWRM-Object.
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2.5 Evaluation

The following section evaluates to which extent the previously identified IWRM knowledge
management requirements could be met in DROPEDIA and which requirements could not or
have not (yet) been implemented. At the time of publication, DROPEDIA has already been
opened to project partners, but has so far not achieved extensive usage within the SMART
project. Thus, the presented evaluation has to rely in large parts on a preliminary and
informal assessment of the knowledge platform potential.

2.5.1 Knowledge Representation Requirements

IWRM-Entities, Analyses and IWRM-Processes are (fully) represented. yes

The statements of the preliminary semi-formal IWRM-Ontology are represented in the
DROPEDIA-Ontology and all concepts are described by a set of meta-data properties. Full
representation, however, also implies completeness, which appeared as not feasible in the
broadness of the IWRM domain. In this regard, the DROPEDIA-Ontology is meant to evolve
with its use.

Multiple representations of knowledge for specific entity and topic are possible. yes
Representation of n-ary relations. (yes)
Support the creation of an analysis-specific formalization vocabulary. yes

The separation of IWRM-Object entities and related Analysis entities provides a working
solution for the representation of multiple views and n-ary relations.

Knowledge representation is not necessarily fully formalized, as the level of aggregation or
segmentation of analyses as well as the optional formulation of properties with SIOs, is
basically left to user choice. Yet, the three layered model of: IWRM-Object < is_related_to
< Analysis = has_value - SIO, does not represent n-ary properties in a strict sense and
requires nested queries for retrieval. Also users might not intuitively understand this threefold
separation.

Formalized relations between all entities are possible. (yes)

Basically, by editing a pages wiki-text any relation can be defined. This was only partly
realized in the input forms, basically for the Analysis is_related_to and the IWRM-Process
includes relations. Generic relations between IWRM-Object might be another useful addition
to the DROPEDIA-Ontology.

Formalized relations between entities are represented on both sides (inverse properties). -

In newer versions of SMW it is possible to query for the inverse direction of a property.
However, this does not assign the property to the targeted object.
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2.5.2 Usability Requirements

Technological barrier for contributors is low. yes

Users don’t need to worry about ontology engineering. (yes)

The wiki environment generally set the technological barrier low. Users only need a standard
web-browser to access DROPEDIA and, owing to Wikipedia, are usually well adapted to the
typical wiki-style navigation. The structural formalism introduces an abstract complexity that
was heavily overbuilt by the use of forms and templates. On the other hand, several
interesting functionalities are still reserved to proficient users with some understanding of the
SMW markup and the DROPEDIA-Ontology. Foremost to mention are the possibility to create
own queries or to extent the ontology.

Support user in finding the appropriate location in the knowledge base to contribute. 'yes

Possibility of generic contribution, if no appropriate location is found. yes

Several structural elements were implemented for this purpose. Especially the DROPEDIA-
Knowledge Browser is designed to provide quick and structured overview of the knowledge
base content and allow direct access to contribution. But as mentioned before, the necessary
separation between the fundamental concepts is not intuitive and is likely to result in some
need of introduction for new users. All input forms also provide free text fields for generic
and informal contributions. Furthermore, any contributor has the possibility to create
unstructured (“normal’) wiki pages.

Possibility to describe entities in a form familiar to users, i.e. like writing a short (yes)
report.

Pre-setting of a certain structural requirement is unavoidable for formalization. And it
disregards the advantages of the semantic structuring to just copy/paste reporting text into
DROPEDIA pages. Still, due to abovementioned informal input possibilities, as well as the
generic setup of the Analysis category, the level of formalization is to the greatest possible
extent left to user choice.

Incomplete formalization of entities is accepted but completion encouraged. yes

Only few metadata properties critical for structuring are set to mandatory input.

Contributions and edits are immediately represented and communicated. (yes)

New contributions are by default directly represented on the edited pages. Furthermore,
several native MediaWiki-tools like “History”, “Recent changes”, or ‘“Related changes”
support tracking wiki changes. Interesting changes might, however, be obscured, as these
functions record all changes, regardless of the significance. The Knowledge Browser
provides an automatically updated structured overview, as do the immediate query
representations of new Analysis relations on IWRM-Object pages. Further interesting and
also readily available improvements could for example include a “Newest Article” feature on
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the main page as it is known from other wikis, or the possibility to mark specific pages of
interest in order to receive automatic email change notifications.

Spatial information is visualized. yes

With the use of the Maps and Semantic Maps extensions, the representation of point-
coordinates and kml-files is possible on the base maps of several web mapping services
(googlemaps, openlayers, osm, yahoomaps). Inline queries can have map representation as
result format.

Authorship and contribution is represented. yes

To emphasize authorship and contribution beyond the native and relatively anonymous wiki
standard, the specific metadata-properties has_author and has_contributor were introduced.
Secondly, editing rights are restricted to registered users.

2.5.3 Functional Requirements
Possibility to add files and external links to all entities. yes

File uploads and external links are basic MediaWiki functionalities that were consistently
employed in the input forms.

Support use of relations that are coherent with the ontology. yes

General ontology-coherence is realized through the use of templates for annotation handling
and semantic forms for user input. A possibly useful addition thereto, could be to offer of an
ontology-browser interface that allows more proficient users to conveniently explore
categories, properties and instances. The native possibility, to list these entities on their
corresponding Namespace-overviews is too unrelated to help understanding of the

structuring.
Protection mechanism against erroneous edits and/or vandalism. yes
Edit rights control on IWRM-Entities on contributor side. -

Wikis are fundamentally built on the principle of open editing. Nonetheless, the “Revision
History”-function of wiki-pages provide a capable protection mechanism against erroneous or
unwanted edits. Another possibility also discussed for DROPEDIA, was to give authors of
articles the control on edit rights. The Access Control List MediaWiki extension that
introduces such functionality was tested in the prototype phase, but eventually dropped due to
compatibility problems.

Interface supports semantic search, facetted browsing and visual information (yes)
retrieval.
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Facetted navigation is generally supported by the article-templates and the Knowledge
Browser, which both support map display and query-generated structured content. Semantic
search is also possible, but still lacks satisfactory support for non-proficient users, as it
requires understanding of SMW markup and the ontology structure.

Knowledge Base informs available data from remote data repositories (yes)
Knowledge Base is able to interact with external applications -

An informative connection to the SMART-Database was realized, which allows to query a
daily database-view and represent the results in DROPEDIA-Pages. The modular approach is
suitable to be extended to other distributed data-repositories. External application interaction
is also basically supported through the SMW functionality that allows the import and export
of RDF statements. This, however, was not tested until the publication of this report.

2.6 System Status and Usage Statistics

At the time of publication of this thesis, the discussed DROPEDIA platform had been opened to
contributions by SMART project partners and stakeholders for about one year. Concept,
design and functionality generally perceived approval from the project community as well as
from the international IWRM community, when presented at international symposia (Riepl,
et al., 2011). And sector experts signaled interest and willingness to invest time into a wiki-
based knowledge platform.

However, as the actual usage statistics delineated below reveal, adaption of DROPEDIA has
not yet reached the anticipated level.

DROPEDIA Statistics (November, 2012):
154 content pages

187 uploaded files

5 active editors

Views total: 165,444

Although the number of view counts suggests an interested community, the lack of active
contributors (5 out of a project with more than 50 participants) documents the reluctance of
the targeted audience to actively employ the system to its full purpose.

A brief review of other online communities reveals related challenges that are often called the
“1% rule” or the “Participation Inequality”. The basic hypothesis is that in most online
communities user participation more or less follows a 1-9-90 distribution, with 1 % regular
and 9 % occasional contributors as well as 90 % that only consume (Nielsen, 2006). Another
important aspect of reluctant contribution might be the difficulty to design a good integration
into the day-to-day workflow of the targeted audience, due to their heterogeneity. In this
regard, contributing might be perceived as additional work. And a third essential reason is
most likely linked to the fear of losing control over one’s personal knowledge assets and in
the worst case having others copy or exploit the personal work.
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3 CONCLUSIONS

The demand for improved communication and transparency between participants in the
IWRM process is regularly pointed out in the literature. The IWRM domain, however, still
lacks exploitation of this potential. This report and the foundational work documented in
Riepl (2013) demonstrates the first consequent development of a semantic knowledge
management framework for collaborative planning and decision processes in Integrated
Water Resources Management. The focus was placed on what was perceived as one of the
most urgently required aspects: the collaborative documentation and sharing of planning and
decision relevant system understanding during the IWRM process. It could be demonstrated,
how such processes can be reasonably formalized and efficiently managed in a semantic
structure that is strongly directed towards knowledge sharing.

Aspects of water sector knowledge have been previously represented in ontologies. Earlier
studies, however, focused mostly on strict and rule-based representations of small sub-
domains, with the objective of enabling expert system-like functionalities for user-guidance
(e.g. Ceccaroni, et al., 2004, Scholten, 2008, Volk, et al., 2007). In this regard, the semi-
formal IWRM-Ontology, as well as the deduced DROPEDIA-Ontology, are unique
developments that eventually achieved a satisfactory expressive potential for the applied use
cases. Nonetheless, the ontologies are profoundly meant to evolve with their use. Together
with the necessary maintenance and extension of the template and form-driven user
interaction model, this emphasizes the importance of a strong and dedicated knowledge
engineer role for running a collaborative knowledge management platform in the complexity
of the IWRM domain. A clearly structured uniform template- and form architecture
significantly helps with the required maintenance and necessary extensions.

Recognition of the essential necessity of a strong collaborative element, in addition to
structural functionalities, led to the eventual choice of the semantic wiki approach.

In the IWRM context, it was experienced that especially a low technological-barrier and a
general easy usability are essential for contributors to adapt to a new system. Thus, in order to
handle the structural formalism DROPEDIA consequently employs semantic forms and
templates to build a straightforward user-centred interface-architecture. In conjunction with
the structural setup of the DROPEDIA-Ontology and the use of Semantic Internal Objects, this
also provides users control on the formalization level of their contributions, while at the same
time they don’t have to be concerned about the tedious and complex task of ontology
engineering.

It is expected that comparable activities can greatly benefit from the use of the presented
framework or in general from the application of semantic knowledge management
techniques. The incentive on the side of researchers and practitioners lies primarily in the
prospect to receive a direct and fast feedback from a widened community of interest as well
as from their stakeholders already during the course of their work. Stakeholder could use this
channel to stay constantly informed about on-going research as well as to take influence by
expressing their direct requirements. Moreover, better documentation of models and
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modelling processes usually resides high on the wish lists of practitioners that adopt models
from research initiatives for their own work. And another very essential incentive for
enhanced documentation is the considerable loss of skilled personal (“brain drain”), under
which especially developing countries are constantly suffering.

4 OUTLOOK

The semantic knowledge management approach presented in this study has been a novel way
for an IWRM initiative. In this regard, it had constantly to deal with a wicked chicken-egg
problem: Ideally, a functional knowledge management would have been available from the
beginning of the project — but to know which and how IWRM knowledge has to be managed
could only be learned during the project. In this respect, future IWRM initiatives are urgently
advised to specifically address this task. And not only as a side activity assigned to domain
experts or the overall project management, but as a dedicated effort for fostering
communication and collaboration.

The presented knowledge management approach has also focused primarily on knowledge
sharing. A multitude of emerging applications demonstrated in other disciplines, suggest a
considerable potential to extend the presented framework to further knowledge management
tasks, like knowledge acquisition or knowledge application. One example could be to
investigate the possibility to include the growing open data repositories (e.g. Linked Open
Data (LOD, 2012)) into queries conducted from within the knowledge base.

DROPEDIA also bears potential for interesting development potential in terms of structural
features. First of all, it could be useful to review and the current caching strategy of
DROPEDIA. With the Alternative PHP Cache (APC, 2012) and the Squid cache (SQUID,
2012), two supportive caching modules have already implemented which appear to improve
parsing response times, but there has not yet been a systematic validation.

Due to stability reasons, DROPEDIA has been kept running on an SMW version, that has
already been outdated at the time of publication of this thesis. It could be very interesting to
thoroughly investigate the added functionality of new core and extension versions, especially
in respect of newly added querying and result presentation possibilities. A possible use case
could be the dynamic graph representation of semantic content, e.g. in the form of a water
balance scheme that dynamically represents its elements according to their data values.

Eventually, a more thorough evaluation of the user interface and the use cases could provide
valuable insights into future enhancement potential. For example by applying small scale
usability tests as presented in Lange (2011), or, after a longer period as an evaluation of
usage patterns and discussion culture.
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APPENDIX

Appendix 1. Software packages employed for the Dropedia-platform

Reference (all last accessed on: 02/10/2012)

http://www.debian.org/

http://httpd.apache.org/
http://www.php.net/
http://www.mysgl.com/
http://www.squid-cache.org/

http://www.mediawiki.org/
http://www.mediawiki.org/wiki/Extension:APC
http://www.mediawiki.org/wiki/Extension:ImageMap
http://www.mediawiki.org/wiki/Extension:ParserFunctions
http://mapping.referata.com/wiki/Maps

http://www.semantic-mediawiki.org/

http://www.mediawiki.org/wiki/Extension:Semantic_Forms
http://mapping.referata.com/wiki/Semantic_Maps
http://www.mediawiki.org/wiki/Extension:Semantic_Internal_Objects
http://semantic-mediawiki.org/wiki/Help:Semantic_Result_Formats
http://www.mediawiki.org/wiki/Extension:Spark
http://www.mediawiki.org/wiki/Extension:Validator

Component Author/Developer License
Basic Modules
Debian Debian Project GPL-2.0+
Apache HTTP Server Apache Software Foundation Apache License 2.0
PHP The PHP Group PHP License
MySQL Oracle (formerly Sun, MySQL AB) GPL-2.0
Squid The Squid project GPL
Wiki-Modules
MediaWiki Wikimedia Foundation GPL-2.0+
Apc N. Laxstrom NN
ImageMap T. Starling Any OSl-approved
ParserFunctions T. Starling GPL-2.0
Maps J. De Dauw and others GPL-2.0+
Semantic MediaWiki M. .Krbtzsch, D. Vrandecic, J. De Dauw, Y. Koren & GPL2.0+
various others
Semantic Forms Y. Koren and others GPL-2.0
Semantic Maps J. De Dauw and others GPL-3.0+
Semantic Internal Objects ' Y. Koren GPL-2.0
Semantic Result Formats | Various GPL-2.0+
Spark J. De Dauw GPL-3.0+
Validator J. De Dauw GPL-3.0+
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Appendix 2: Dropedia Manual

Drorepi1E

-

search

(81 Go | [ Search |

general knowledge

= [WRM-Analysis

= SMART project

navigation
= Kain page
» Recent changes

" Help [9]

toolbox

= What links here
= Related changes
= Upload file [3]
= Special pages

= Printable version
= Permanent link

= Browse properties

[2] [71 [6] [4] S, Benedikt Kdmpgen mytalk my preferences my watchlist my contributions log out
page discussion edit history move watch refresh [1] [5]
Dropedia Mini Manual
Getting Started Some basic wiki syntax
Dropedia is found at ~ http://129.13.109.100/~dropedia Wiki text Result
Reading: Everyone “italic" italic
Writing: Registered users only "'bold"' bold
User: Your full name """bold and italic""" bold and italic
Initial Password: “peace”, change in preferences [1] ==heading==
Editing Pages ===level 2=== Shemy .
Add page Click inside some pages on Add... (e.g., —=——Jevel 3==== AL LI e
Add Catchment) or go to [8] new page level 4
name and click create this page [[Link to another page]] Internal Link to another page
Edit Click edit [2] or inside some pages [Edit] [[Link | different title]] on the wiki

or Add/edit some...
Click | Savepage after each edit!

Little Helpers

http://www.example.org

External link

[http://www.example.org Text]

External link with description

[[Category:Example]]

Add article to category
“example”

Upload file: Upload file [3] and link it from some
page (see Some basic wiki syntax) or
click on Attach a File inside some pages

Watchlist: Watch a page by clicking watch [4]

Review watched pages in your watchlist
(5]

Enable in preferences [1] to get notified
per e-mail if a watched page is changed

Horizontal line

* one

* two

Bulleted List

* three

# one

Move contents to another page by
clicking move [6]

Renaming pages:

# two

Numbered List

# three

Versioning: Switch to an older version of the page [7]
Don’t be afraid to edit, every change is reversible!

[[Image:File.jpg]]

Show uploaded image

[[File:File.jpgl]

Link to uploaded file

{{Name}}

Include template “Name*

Signature (Link to userpage)

Search: Search with wild card (e.g., Shue*) for or
go to a certain page [8]
Help: More help in Help [9]

Signature with timestamp
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Dropedia — How to start contributing

1. Loginto be able to edit
2. Visit “my preferences” to change your default password

3. Visit the “Water System Knowledge Browser” to see what is
already available in Dropdia and start creating your study area

'@ Dropedia
€« C | ® 129.13.109.100/~dropedia/index.php/Main_Page

page discussion | edt | | hstory || delete | [ move protect | [ watch || refresh
Integrated Water Resources Management in the Lower Jordan Rift Valley 1 b 7 .
DropPEDLE Welcome to Dropadia, the collaborative knowledge management platform about Integrated Water Resources Management in the Lower Jordan Rift Valley.
' “IWRM is a participatory planning and implementation process, based on sound science, which brings together stakeholders to determine how o meet society’s longterm needs for water and
coastal resources while maintaining tial ecological ices and economic benefits " (USAID: link &)
seaich

general knowledge

= Knowledoe browser
= WRM-4nalysis

= SWART projsct

_navigation

= lain page

= Recent changes

= Help :

SMART - Innovative technologies and
concepis

oolbox

= What inks here

= Related changes
= Upioad file

= Special pages

= Printabie version
= Permanent ink

= Browse properties

Water System Knowledge Browser IWRM-Analysis

Need help?

= Help site
= Dropedia mailing list - dropedia@lists kit.edu - (subscribe & )
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Dropedia — The Water System Knowledge Browser

&= ¢ | ® 129.13.109.100/~dropedia/index.php/Water_resources_characterisation

\‘ page decuzeion edi history delats move protest umuzieh refreeh

Water resources characterisation

i
) \_/ Knowledgebase for the Water Resource System in the Lower Jordan River Basin

Conlents [hide]
1 Knowledgebase for the Water Resource System in the Lower Jordan Ringr Basé
2 Catchments and Sub-catchments
3 Water Resources
3.1 Streams

1.

& Water Supply Networks
5.1 Water Treatmaent Facilifes

5.2 Pioe Networks
€ Sanitaticn Network
8.1 Waste Water Treatment Facilities

7.2 St Gaug
7.2 Menitering Walls
£ Catasets

" Cundon

Catchments and Sub-catchments

Add Catchment

[< Catchment 4 Country [ Governorate/Dighfict
Wadi Arak bid

Wadi Shusib  Jordan Al Belga Gow

Wadi Nuema Palestine Ramallah Go

Pslestine

* 1. Theknowledge
browser shows the
basic structure behind
the Dropedia and lists
all elements that are
already available.

*+ 2. Agood startis
always to create your
study area if it does
not exist yet in the list.
To do so click on “Add
Catchment™ {you can
also use this if your
study area is not
exactly a catchmentl)
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Dropedia — Create a catchment/study area

1. When creating a new elementin Dropedia you will always find the “Create ...”-Forms
for every element-type (catchments, springs, municipalities, WWTPs, ...}

2. Enterthe name of the element and click the create button! The autocompletein the
field will show elements that are already availahle.

3. If you would like to edit an already existing catchment (or element) just follow the link
to its page.

€ 2> C |® 12913.109.100/~dropedia/index.php?title=Form:Create_Catchment&action=purge

\ form discussion edit histery delete move protect watch refresh

\ Form:Create Catchment

This is the "Create Catchment” form.

4
\/ Type the name of the Catchment to add a new Catchmint to the Knowledge Base or to edit an existing one
\Wadi Auja Create or edit
search 1 » + 2 ™
(Go] stchments digady in the Knowledge Base:

» Test Catchment
» WadiArab
» WadiFaria

genersal knowledge

= Knowledge browser
= [WRM-Anslysis

= SMART project » WadiKafrein
» WadiKarak
» WadiNueima
Wadi Shueib

navigsation

= Main page

= Reocent changes
n Help

3.

toolbox

= What links here

= Related changes
s _Upload file
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Dropedia — The empty Catchment-object

1. Anewlycreated catchment (or other element} will show you an empty template-page
which can now be filled with information. Therefore it provides several “Add/edit...”-
links that will lead to information entry forms for the different sections of the page.

2. Agood startis always the topmost link to edit the geography and meta-information.

L R CYFOREERV RN .
2 DavyDisco my ak my pn ces My my contributions  log out
page | | dscussion edit | [ nistory | | dedete | | move || prowet vatch | | refres! n
; Wadi Auja
(228 2
/ Catchment 0
Contents [hu& Add/edit Catchment Metadata
1 Catchmaent
e Hameis)
3 General Descristion
arca
4 Catchment Climate ID-Code [ 4 )
dge § Catchment Lard Use (Su atchmant
6 Catchment Water p_vl:’c
Fegion{s)
[County
(Area [tmd]
ges
|Author(s)
”Ma]wcunmbutlcn
e
ings
[
g
|| /mage
Gallery

ST
Attsch s File
& [GFiecgiel) - 1 [ ]

General Description

Neteorological-Siations in Wadi Auja |
Add Meteamiagieal 5:u|.mi
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Dropedia — The Form entry

Every “Add/edit ...”-link will lead to a form that provides fields for the section: some for

text entry other to upload a file or to choose a locationon a map.
2. Toapply your changes you need to click on the “Save page”-button (you can also have

a preview beforehand).

® 129.13.109.100/~dropedia/index.php/Special:FormEdit/Catchment2/Wadi_Auja

special page

Add/edit geography and meta-infos and upload files: Wadi Auja

7 8

3, DavyDisco mytalk my prefersnces  my waichlist my contributions  log out

pri
/ — | info
p— | Fites
= Enter Geographic Coordinates manually or pick from map below:
31.967868° N, 35.358975° E General Info
Jaren | Il lwadi Uja Look up coordinates
= System: E
— eg AMO512 +J I Map I Satelite I Hybrid I Terrain | Upload fie
is N =
. Remove
ect - Lower Jordan River Basin Bl Mo
atchment (=)
egion Jericho Governorate o g | Add another |
e unry | Palestine [+] yr Jare i
Tai HaShatar
|Are ] ||| 264 km* abe
[ | i
i Kml-Fie\ : (=] Vi
& Mle 1
PONERED BY 2mi [ ]
|Aut?:or David Rh’\ Google |‘;"’"’"‘r""“" il | Map dats $2012 Mapa GiSraal - Terms of Use
Major | [l New Palestine Grid Coordinates:
Contribution ——
2. = e —— ——
] e s i || Watch this page
[Show previgh] Cancel
SMART
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Dropedia — Upload a file

1. Every “Upload”-link will lead to a popup-farm that lets you browse you computer and
upload all kinds of files (you normally never have to fill all fields in a form, unless it
sometimes says so!).

2. Inthis example | will upload a kmz-file (google-earth-polyline) of the Wadi Auja
catchment

Datei hochladen =

Dateien hochladen und aus dieser Seite verlinken:
= User:DavyDisco

=/ Erlaubte Formate

-~ Upload
Source filename: | Datei auswahlen Keine ausgewshit
Destination filename: |

[7] Igrore any warnings

—Mezta mformation

File Type*:
(The rype of the uploaded file: Chocse: Chait, Deta File, Document,
Image, Map, Multimedia or Misc File)
Caption: |
(Short description of the file, preferably one zentence)
Keywords: ]
(Here you ean tag the file with different keywords)

File Description:

(Here you can enter a description of this file)

Reference:
(Reference of thus file)

Upload file
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Dropedia — Add more Information

1. After saving a form —you immediately see your changes on the page. Don’t worry if
you made some mistakes, every change is recorded, can be undone and recoverad
again for an unlimited time.

2. Next you can start to enter some more information about the catchment. Just have a
look at the provided sections and see where you would like to contribute.

'G) Viedi Auje - Dropedia ‘@ FileWadi Auja Catchment | Y =X

€ C | ® 129.13.103.100/ ~dropedia/index.php/Wadi_Auja frl

2 DavyDisco mytelk my preferences mywatchlist my contributions  log out

|\ page | [ discussicn adit | [ history | [ delete | [ move | [ protex watch | | refesh

4\ Wadi Auja

| ] Catchment CategoryCatchment
b _—————————————————————————— | Municipalities

| Addledt Calchment Meladata | —I ]

— R — - |

Contents [ride]

1 Catchment Geography | Tamawn 7=

2 aiachedies | [Nemote) T o o Map T sateme n,:om [ Teman

(G (Sesm) 3Genens o = B e S g e O oenys ||
gereral inowledge Descripion Yalit e —
; P (Super-)Catehment [Lower Jordan River Basin

= Knowledge browses |
R S —— Climate Regon(s) lericha Gevarnorate ﬁ
® SMART project 5 Catchment Land | {1y ER— P SR,
pexigation & Catchmont water || |Ares Tkl Eeaidan i ]
oM page Resources
e

7 Caichment Water i i
= [avttortd | - o
ekl 4 Denana stes [autroris) ooamens ] et Dibwan iama &, Water Treatment
i) | Waete Water

:'Mlbﬂ & Catchment Water || [uajor Contribution | [|ffe. ™= _
e————

Jaba®
u What links here Supply Netwark G Zeer "'";"M \
= Upload file Sarilatun Nelwork &aookte: B e M i B012 - Term §TToe
= Spadsl pages 10 Catchment 1 = J
= Printable version Water Balance ||Geographic Coordinates; 317 58" 4™ N, 15° 21" 3Z°E Image
= Permanent tins A4 Cateh it NPG Coordinates Gallery
= Erowse propenies
L Warer I
Management
12 Other
Intarmaton

Aftached Files

Aliach 8 Fie

FieWadi Auja Catchment boundary kme —
General Description

General Overview
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Dropedia — Add more Information

1. For example | will add some generel text-informationand create a literature-reference
for the Wadi Auja catchment.

2. Bythe way: Literature References are stored as extra pages, that you can create. So you
can of course add the same referenceto different elements (autocompletion will help
€ C | ® 129.13.109.100/~dropedia/index.php/Special:FormEdit/Catchment2-Description/Wadi_Auja Vﬁu here)
\.. special page ]
A add/edit general description of object: Wadi Auja
DroreniK
— General Catchmepl et \
() r hlﬂztezers e nisetrriisa e st et AN e i .

gereral knowledge

= Knowledge brov
= [WRM-Analysis
= SMART project
navigation

= Main page

= Recent changes

= Help

toolbox
= Uplead file

= Special pages

wSEr

Refere..~es

Multiple entries Tewagre oelimi

2 L]
Create new Reference

S e—
Summary:

[7] thisis a minor edit | watch this page

[Save page] [Show preview| [Show changes] cancel
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Dropedia — Page sections

1. Everyelement that you create has a set of sections that roughly organize its
information (e.g. Water Resources, Water Supply Network, Water Demand Sites, etc.).

2. And most sections have two subsections:
1. Overview: Place for free textual Information.

2. Analysis: These are an Important structural elementin Dropedia: Always If you want 1o create some
speclal plece of Information akout your work, you wlll create an Analysls (an extra page), which Is linked
to an object In Dropedial In an Analysis you can freely define properties and dlacuss aspects of your
work. An example follows later on.

File:/Wadl Auja Catchment Joudary.kma

File'Wadi Aja blnck diagram jng —

General Description

ia} = 2 aubbasin o the Loer Jordon Piver Basin locsted bon klometora nosh of lerich,

Catchment Geology and Hydrogeclog

Qverview

Adc/edt Description 1
[

Wadi Aujs block disgram (by &
Sabastian Schrridt)

\b(chment Climate
[
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Dropedia — Add further elements

1. After creating the Wadi Auja catchment, | want to add further elements to the
catchment, for example the Auja Spring.
2. Thiswill actually result in a very similar workflow as the catchmentcreation. | can “Add

a Spring” from within the Catchment-page or also from the Knowledge-Browser. Or just

by browsing to the Form:Create Spring. The same of course applies for all other
elements

.13.109.100/~dropedia/index.php/Wadi_Auja xd .\“

Catchment Land Use

Land Use Overview
Add/edit Land Use description

Land Use Analyses

Add Land Use Analyeis

2.

Catchment Water Resources
e ——

Water Resources Overview Wa esources in Wadi Auja
Addiedit Water Resources description Add Stream - Add Spring - Add Reservi
( Form rin

Catchment Water Resources Analyses

Ir - Add Wel

g}

Add Water Resources Analysis

Catchment Water Demand Sites

Water Demand Cverview Water Demand Sites in Wadi Aujz

Addiedit Watsr Demand description

Add Municipal DS - &dd Agricultural DS « 4dd hdustrial DS . Add Touristic DS

Catchment \ater Demand Araiyses

Add Water Demand Analysi

Catchment Water Supply Network

Water Supply Cverview VWater Supply in Wadi Auja
Add Treaiment Facility - Acd Distribution Network

Addiedit Vatzr Supply description
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Dropedia — Add further elements

1. Italso looks quite similar. Just the structure of the contentis of course somewhat
different!

2. For the Auja spring | now want to add some more sophisticated informationon its
discharge properties. Thus | decide to create an Analysis in the Water Discharge-section
by clicking on “Add Water Discharge Analysis”

'@ Form:Create Spring - Drope >
& C | (® 129.13.109.100/~dropedia/index.php/Form:Create_Spring

.f\ form discussion adit hist
i

() 129.13.109.100/ ~dropedia/index.php/Auja_Spring

4\ Form:Create Spring
n: \“ page || Gmcussen | | view fom | | view sowse | | Ratory

i This is the "Create Spring” form. Auja Spring
S Type the name of the Spring to add a ne
Spnng
Auja Spring| Creall | 7= -
search = ol
3 : soies  Mlwma = |[Pujn Berieg. Ujn Bping
- Disctage- || [18-Cdn i 2,
(o) Springs already in the Knowl o] | et
Fies el Lo .

_general knowledge To edt one of these please do so on ther| femen || foouny

. B 7 o Altitude [m] ad

Knewledge browser » Abu Sakeh Spring o
= IWRM-Analysis A1Dlaib S (Soring type:
s SMART project 5 iy arer type taiin
— = AlFarah Spring Cischarges 1o

HBVIQBZIPH = Al Subya" Ssrlng | yomumg Station(s):

® Main page i .

i Recart e = Azraq Fuheis Spring a0 | [atvarts)

. Bals = Bagqouria Spring |1!lxnprmr:nuu:lnn |
R = Hazzir Spring Discharge-Timeseres

s Jeser Sprlng Thissection shows the available datasets ir the SMART-database at UFZ Leipzig [DAISY Datasase Broaser)

= What links here NewSorin oading

» Related changes bbbl e

+ Upload file = Qdairah Spring Aftached Files

» Special pages = Shorea Spring AT

= Printable version = TestSpring o D File R —

= Parmanant link General Description

= Browse properiies General Overview

Add'edii the Overview Tert
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Dropedia — Add Analysis

1. As mentioned before, Analyses are stored as separate pages. This helps a lot in organizing
different views, scenario assumptions and spatial and temporal scales!

2. An Analysis in this respect can actually be everything from a simple interpelation work up to
a complete abstract of your thesis or project report.

3. So by “Add Analysis” we will get a new form that lets us exactly describe what we are
working on and actually you are very free on how to describe it. However scme important

informatien is the Location field that should link to the object of your Analysis (in this case
the Auja Spring].

Edit Analysis: Auja Spring Discharge Measurements

) Analysis Title: |Auje Spedng Discharge Messsramants

= Piaase chaose 8 uniqua and maaningful name foryour analysis - The dropdown shows you analysis aiready axisting in Dropadia

Ruther (of thiz antry)

Sebastian Schmidt

Category of the Analysis:

Water Discharge Analysis

I nnatinn [spatfial ralstinn)
Auja Spring

Related IWRM Model
Wadi Auja IWRM-Anaslysis

Suhjeat of tha Analysis
Sgring Dischage
Time Period of the Analysis:

Relerence(s):

z Create new Reference
Desecription:

[iFile:hujs Jpzings Discharge Measummencs.ipg|400pad ] [ Arached Files

Aujs Springs Discharge Measurments. jpg

[Add anotrer|

Uplesd il

Properties

olease use this area tc define the most imoortant proparties of the Analysis (e.0. the parameten that are finally used in the model)!

Property: Value: Unit: Scenario: Confidence: Officially approved: Comment:

Mean Discharge 9.7 MCM/ Status Que high E | for maan wates year cordition
[name m._ perameter e.g "population” or "average fm{mber or  f(e.g. % per (default is "Statss Qo™ (evaluate the (unjoerainty of the (is me. valug epgm_ea by the offisial (anything else)

annual discharge® .. ) string) yean pammerer valug) Desision Maker inatitutisns?)

Property: Value: Unit: Scenario: Confidence: Officially approved: Comment:
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Dropedia — Add Analysis-Properties

1. Aspecialtyof the Analysis-pagesis the possibilityto “add properties”. With properties
you can describe the important and central figures of your Analysis (normally results).
To do so just click on “Add another” under the properties section.

2. Thenyou can define the property-name (e.g. Mean Discharge) and its value and some
important additional infoarmation like your expert estimate of confidence in the
outcome etc.

P I3 151U 10U —aropeEdia,

2.

Properties

251 impartant properties of the Anslysis (&g the pammaters that sre finally used in the modal)!

Comment

Property: Value: Unit: Scenzrio: Confidence: Officizlly approved:

( Mean Nisrhange a MM/ [+ ioh - ! frw mean wate: yesr rnditinns
A inama lha paramaia: 8.2 "eopslalon® ar'svamps  jrumbarar (o ¥ par o lavalusis tha funizadainky ol s ['s bha vslus srsvovad by the aiisis)
[ o9 tpopulaliontorfavenge  frumbarer  fag Mpe o *Shmtre e {evaluste the [unicadainty of e = the value approved by the officia ernibine atas)

gorusi dischsige” ) string) yeag ~[oemeimoEmmEiw g paameter valag) Decision Maker institulions?) (anything alze)

Property: Value: Unit Scenzrio: Confidence: Officizlly approved: Comment

Minimum Discharge 07 MCWs Status Quo migh [+ I for dry water year conditions

nemw the persmeiey, ©.g. popaletion® or ‘svers ember o (e.9. % per (evaluate tie {unjcertainiy of the _{is the velue epproved by the officiel )

; s 9 T vege (et (o9 O etauit is "Status Guc?) val (unjcartainiy (s the value approved by the o (anything else]

snnusl dischage” ) strng) yesn paameter valse) Decision Msker institutions?)

Property: Value: unit  Scenarlo :  Confidence: 3 Officizlly approved: Comment
Maximum Discharge 15.0 MCM's Status Quo high [l for wet water year conditions
name the parameder, 8.g. “popalation” or "avers, numberor  (e.g. % per (evaluate the (unjcertainty of the  (is the value approved by the official )
f P . popala venge " fe.g. % p (default is "Status Que®) i (unjcertuinty f VB e Sppi ,y - o (anything else)

string) year) parameter value) Devision Maker institulions?)

E>

Mmeants
please enter your commant on the Analvais subjest

Author: David Riapl

Comment:

I created chis page as au exasple. Flease edit iz, if you have moze and better
infarmatian

Add another L5
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